Introduction
Increasing demand for natural products, as compared with fossil fuel derived products, has led to the rapid expansion of the biomass-using industry in recent years [1, 2] . There are some ways for biomass utilizing: burning, biological treatment, which includes microbiological and enzymatic treatment and the most popular presently -biofuel production [1] [2] [3] [4] [5] [6] [7] [8] . To make the cellulose catalyst can be obtained by hydrolysis of Fe(III) salt in water in the presence of ethanol. The analysis of the structure, composition, and size of colloidal particles of the catalyst by the Mössbauer spectroscopy, X-ray fluorescence, X-ray diffraction analysis, and transmission electron microscopy [18, 19] revealed that the catalyst nanoparticles consisted of α-Fe 2 O 3 crystals with an admixture of other crystalline structures of iron oxides and carbon-containing compounds. The activity of the catalyst, with respect to H 2 O 2 decomposition, was found to undergo nonlinear and nonmonotonic variations with increasing initial concentration of Fe(III) salt. The catalyst obtained under optimal conditions was shown to exhibit high activity corresponding to the most efficient agents of H 2 O 2 decomposition. The colloidal catalyst is capable of catalyzing free radical oxidation of hydrocarbon by molecular oxygen, similar to homogeneous Fe(III) salts [20] .
The aim of this study is to investigate the possibilities of the colloid catalyst based on Fe(3+) oxides, together with hydrogen peroxide, to process lignocellulosic biomass into solid cellulose residue and mixture of water soluble oxidation products under mild conditions and to compare the catalyst activities at different catalyst concentration.
Experimental
Materials: The catalyst was produced by hydrolyzing iron (III) chloride in tap water containing 1 wt % ethanol according to [18] [19] [20] ; FeCl 3 ۰6H 2 O (Merck KGaA, Germany) and 30% hydrogen peroxide (analytical grade, Reakhim). Figure 1 demonstrates that the nanoparticles have been obtained. Ground pine sawdust, peat, oat straw, and olive pomace were taken as lignocellulosic materials to be processed.
Experimental procedure
The colloidal catalyst (water suspension, 10 mL), tap water (85mL), biomass (~5g), and H 2 O 2 (5 mL) were placed into a glass vessel equipped with a magnetic stirrer, a reflux condenser and thermostatic jacket. A similar vessel, without biomass, under the same initial conditions (the catalyst and H 2 O 2 concentrations, temperature 60°С) was installed simultaneously for comparison. Liquid microvolumes were taken periodically during the course of the reaction to determine Н 2 О 2 concentration in liquid samples cleaned from solid residues. When all the hydrogen peroxide had been decomposed, the solid and liquid parts of reaction mixture were separated by centrifugation. Figure 1 , which shows typical TEM pictures of the catalysts prepared in the course of this study, demonstrates that the average particle sizes are in the range of several nanometers. Iron occurs in particles in the trivalent state. Fe(III) is not observed in water phase, however a dark red color appeared when a drop of NH 4 SCN solution was added to colloidal catalyst dissolved in small amount of hydrochloric acid.
Results and Discussion
The effect of initial Fe(III) gross-concentration on the rate of H 2 O 2 decomposition in the catalytic process of biomass treatment has been studied for pine sawdust. We have found that in the presence of biomass the rates of H 2 O 2 decomposition differ from those observed in the absence of biomass. Figure 3 shows that the specific activities of the catalyst, A, differ in the presence of biomass as compared with the absence of biomass, in a wide interval of catalyst concentrations. Just as, as described in [19 and 22] , the activity of the heterogeneous nanodispersed catalyst, The solid residue was then washed out with clean water and all the water solutions were combined. The washed solid residue was kept under the flow of warm air until complete dried. Then, it was weighed and analyzed by IR spectroscopy. An aliquot of combined water solution was placed into Petri dish, under the flow of warm air; the solid residue obtained after water evaporation was weighted and analyzed by IR spectroscopy.
Analytical methods
Catalyst samples were studied by transmission electron microscopy (TEM) on an LEO 912 AB Omega microscope (Carl Zeiss); in these experiments, a suspension of particles was applied onto special substrates and kept at room temperature until complete drying up. X-ray diffraction spectrum was obtained by using KARD-6 spectrometer. The products obtained (both a solid residue obtained after catalytic treatment and a solid residue obtained from water solution) were analyzed by Infrared (IR) method. Fourier Transform-Infrared (FT-IR) measurements were carried out using Perkin-Elmer FTIR-1725 spectrometer with auxiliary device Perkin-Elmer PEDR and special procedure of spectra record based on diffused reflection. The peroxide concentration was determined by using standard iodometric analysis, and the total content of acids in water phase was determined by the measurement of H + concentration by titration with potassium hydroxide solution. The location and valent state of iron ions were tested by the qualitative reaction with thiocyanate ions which is among the best for Fe(III) determination and by the reaction with potassium ferricyanide, which reacts with Fe(II) to produce an insoluble blue pigment. with respect to H 2 O 2 decomposition, without biomass undergoes nonlinear and nonmonotonic variations with increasing initial gross-concentration of the catalyst ([Fe(III)] 0 ) (curve 2). In the presence of sawdust, the dependence is nonlinear, but without an extremum (curve 1). It means that the biomass affects catalyst properties, changes its activity in H 2 O 2 decomposition, what can result in changing of catalytic activity towards the biomass processing.
As mentioned above, all the Fe(III) ions are bound in colloidal particles; at the beginning of treatment; the water phase does not show color reaction with ammonium thiocyanate.
Moreover, being positively charged, catalyst particles adsorb on the biomass surface due to electrostatic attraction. It facilitates catalytic oxidative destruction of biomass by H 2 O 2 . The ability to bind with cellulose fiber [23, 24] was assumed as highly important among factors affecting the enzymatic hydrolysis of cellulose by different cellulases. Oxidative treatment of biomass occurs, obviously, via mixed free radical -molecular mechanism, which includes the catalytic decomposition of Н 2 О 2 into free radicals (OH* and HOO*), and their reactions with biomass components, and chain oxidation of organic materials with oxygen in air. The adsorption on the biomass and interaction with its surface can result in changing of catalyst activity towards H 2 O 2 decay as compared with that in bulk solution. However, in the course of biomass oxidation, organic acids and other oxidation products accumulate, which caused the formation of soluble complexes of Fe(III). At the end of biomass oxidation, when all Н 2 О 2 has been completely consumed, both Fe(III) and Fe(II) ions are apparent in solution.
According to the fundamental review [25] , infrared spectroscopy has the potential to produce qualitative and quantitative analytical data for samples with minimum or no sample preparation, and at high speed and throughput. FTIR can be used to rapidly characterize and quantify cellulose-hemicellulose-lignin composition prior to, and after, applications of various methods of pre-processing and pre-treatment of biomass [26] . We have used FTIR analysis for qualitative estimation of biomass delignification and to assess the main trends in water-soluble oxidation products formation. Figure 4 demonstrates the FTIR spectra of solid and water soluble products resulted from catalytic cracking of pine sawdust. The spectrum of solid residuum (blue, above) is very similar to the IR library spectrum of cotton cellulose. The spectrum of water soluble oxidation products points to high amount of carbonyl compounds -acids and esters (red, below). According to [28] , aromatic aldehydes are the main products derived from lignin oxidation. We suppose that catalytic oxidation by Н 2 О 2 results in acids formation. The decrease of pH from 6.4-6.2 at the beginning to 2.2 -1.5 at the end was observed during biomass oxidation.
Colloidal catalyst being adsorbed on the surface of solid particles of biomass promotes their oxidative decomposition under H 2 O 2 action . Initially, hemicelluloses and lignin are decomposed, while microcrystalline cellulose is the most resistant towards catalytic cracking [2, 25, 29] . Figure 5 . demonstrates X-ray diffraction spectrum of microcrystalline cellulose solid cake dispersed in acid solution. It must be noted, that similar colloidal catalyst prepared according to [18, 19] , combined with H 2 O 2 was used for pretreatment of bamboo chips for enzyme hydrolysis and fermentation within the technology of the bioethanol production [30] . The authors of [30] showed that after irradiation of the substrate, the catalytic oxidative pretreatment occurs faster. Depending on the relationship among the masses of all components (substrate under treatment, catalyst, and oxidant), one can obtain microcrystalline cellulose, tannins or mainly low molecular products of cellulose and lignin oxidative destruction. By changing ratios substrate/ catalyst, H 2 O 2 /substrate, reaction time 20-40 hours, and temperature in the range 60-80 o C it is possible to produce cellulose with lignin content up to zero, and water soluble products -sugars, organic acids, alcohols, esters and produced by catalytic cracking of pine sawdust. This spectrum corresponds to undamaged cellulose crystals with crystal size about 10-15 nm confirming our reasoning of the component oxidation sequence.
As Figure 3 shows, there is the interval of catalyst gross-concentrations where biomass apparently retards Н 2 О 2 consumption and hampers over-oxidation directed at low molecular water-soluble oxidation products, up to CO 2 and H 2 O. So, we used initial gross-concentration of catalyst [Fe(III)]~ 7.9 mM within this interval to compare the catalytic oxidative treatment of different lignocellulosic materials -agricultural and forest residuals, which are part of cell wall tissue after the plants have died. Plant cell wall biomass mainly contains cellulose, hemicellulose, and lignin, but different species of plants have significant differences in the proportions of the main compositions and important differences in the types of hemicellulose and/or the ratios of monomers in lignin. Every plant consists of different ratios of wall compositions in different parts of the plant as well [29] .
The comparison of catalytic H 2 O 2 decomposition during oxidative treatment of various biomass -ground pine sawdust, peat, oat straw, and olive pomace taken at equal percentage conditions, shows that biomass affects the rate of H 2 O 2 consumption to different extents (Table 1 ). In the case of peat, the rate of H 2 O 2 consumption and biomass cracking is much higher than in sawdust treatment. More prolong treatment of olive pomace and oat straw showed that straw oxidizes faster that olive pomace. Oxidative treatment of olive pomace by H 2 O 2 , together with colloidal catalyst, leads to crushing and fragmentation of Figure 4 : IR spectra of the products resulted from pine tree dust catalytic oxidation: solid residuum (blue, above) and water-soluble products which were obtained from the filtrate after water evaporation (red, below). alcohol soluble products like vanilla, and other basic cyclic components of lignin. Catalyst provides cracking of cellulose up to full conversion to gas and water soluble products -acids, sugars, esters, etc. As a result of reaction the water solution with acid-sweet taste and ester smell is produced. A study evaluating the effect of different biomass and treatment conditions on the composition of water soluble low molecular oxidation products is in progress.
Summary
New biomass pre-treatment based on catalytic oxidative cracking of organic feedstock is proposed. The oxidative cracking occurs using environmentally safe catalyst and oxidizing agents under atmospheric pressure and moderate temperature. The activity of the catalyst, with respect to H 2 O 2 decomposition, undergoes nonlinear and nonmonotonic variations with increasing initial concentration of Fe(III) salt taken for synthesis. Colloidal catalyst based on Fe(III) oxides is self-tuning and undergoes a modification, depending on lignocellulosic materials and in the course of oxidation. Finally, wood residues (conifers, hardwood, including eucalyptus), peat, straw (oat, rise , etc.) , marc (olive, flax etc.), boon, technical lignin, etc. can be treated by catalytic process. The volume of reaction mixture 200 mL.
